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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent cracking caused by air cooling and the defect of white 
points in machine parts in a short time, to improve the toughness thereof and to prolong its 
service life by executing heat treatment in which the parts is isothermally held to the Ms point 
of the noncarburized part or above and to the A1 transformation point of the carburized part 
and noncarburized part or below at the time of cooling after carburizing or carbonitriding 
treatment and thereafter executing quenching. 

SOLUTION: Before the stage of isothermal holding, in the case the temp, reduces to less than 
the Ms point of the core part (noncarburized part), martensite is formed, and also, it lies in a 
state in which a large amt. of hydrogen remains to increase the danger of causing air cooling 
cracking and the defect of white points, therefore, the attainment of its temp, to less than the 
Ms point must be avoided. Furthermore, in consideration of the efficiency of exhausting 
hydrogen, the isothermal holding temp, is optimumly regulated to directly below the A1 
transformation point from the point of preventing the defect of white points. On the other hand, 
the temp, at which isothermal transformation swiftly progresses is preferable from the point of 
preventing air cooling cracking, and the one less than the A1 transformation point and also 
lower by 30 to 50° C is optimum. 
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6 0-2 0 0° Ct'2^ilL^5o 
[M1B-2] iag9 3 0-9 5 0° CT*6 0ffiR 30 

ia*T-»ft!l^?ftU, &1^T% 8 4 0-8 6 0° CT'3 0 

T\ 1 6 0-2 0 0° C"C2l*IB<D«§jRL«:fT5. 
BRAGSC] 159 3 0-9 5 0° CT* 6 0 BSWR x # 

1 0 B#PiStIfi««SL U &l^T\ 84 0 

-8 6 0° CT'3 0M^U:t % g£A*L (BWfcWMfl. 
S) £fT^\ #C<^T\ 1 6 0-2 0 0° CT^B^OgS *0 

[{R«!f3SD3 ^9 3 0-9 5 0° Cf6 0^Rx^f 

3 Of»M1SlftA49«. IlltgftU &^T\ 8 4 0 
-8 6 0° C-C3 0#flO«#Lfc«, #£A*L (flfftMa 



31) &frl\ ^1>T\ 1 6 0-2 0 0° CT2W(7)i 

[jRttiE]-fflfi9 3 0-9 5 0 o CT*6 0l?(BRx^ 

fitmfc&ftotz'ik, Ai ffl«T0 6 5 0° CfSS 

T-SiftU &^T% 8 4 0 — 8 6 0° CT3 0M^ 
j^Atb (^Iki^l) Srfiflr^ &l^T\ 160 
-2 0 0° CT2BMBO«SJHUfctT5. 
[JR*Qf3SF] ^9 3 0 — 9 5 0° C 1? 6 OfflRx^' 
* + T ^^E — T jfX 7 %£7D#H^T*g 
fitmk&froit&s ftffl4"C*»U #c^t\ 8 4 0- 
8 6 0° CT'3 0#KfiM*Lfcf£. ^AtL (KftfRtftL 
S) SrfftV 1 6 0-2 0 0° C 2 B^CDj^ 

[0 0 8 1 ] A — F (D^M^^fTo U V^ido^ 

rafto- 

yKOHHg»:S:N= 1 0 0 0 r pm"C?Tl^ 1 x 1 0 6 (sl^r 
#B-Ftttf 3^»il, 2, 6l:io^T<D;^gNffi3r 

[0 0 8 2] 
1*5] 



(10) 



10-168515 



17 



IS 





5t*rT 


«s 


mo t i/.d rxi 
+ 0.3 x Mr 


(far) 


(ppm) 


QBQH) 








1 


1.34 


7 


0.52 


0 


87 


m 

£nS. 




2 


1.29 


6 


0.61 


0 


86 


A 


3 


1.42 


8 


0.16 


0 


85 


W 




4 


1.47 


9 


0.18 


0 


86 






5 


1.26 


5 


0.20 


0 


66 






6 


248 


28 


0.23 


2 


62 


it 




7 


0.34 


-12 


0.61 


0 


63 


» 


A 


8 


3.60 


49 


3.54 


45 


70 






9 


3.19 


41 


3.24 


39 


65 






1 


1.34 


7 


4.12 


100 


66 


it 
« 


B — 1 


2 


1.29 


6 


4.01 


100 


68 




6 


2.48 


26 


. 4.23 


100 


75 




1 


1.34 


7 


4.32 


100 


66 




B-2 


2 


1.29 


6 


4.03 


100 


62 






6 


2.48 


28 


4.66 


100 


74 


-Of. 


/■> 


1 


134 


7 


1.12 


. • 4 


85 


as 

M 




2 


1.29 


6 


1.05 


3 


83 


it 

w 


C 


6 


2.48 


28 


3.56 


54 


70 




1 


1.34 


7 


2.65 


IB 


67 


D 


2 


1.29 


6 


2.52 


10 


65 






6 


2.4B 


28 


3.78 


75 


72 


& 




1 


1.34 


7 


0.31 


0 


89 | 


ft 


E 


2 


1.29 


6 


0.45 


0 


86 






6 


2.48 


26 


0.38 


3 


91 


it 




1 


1.34 


7. 


4.00 


100 


66 




F 


2 


1.29. 


6 


3.B6 


100 


67 






6 


2.48 


28 


4.33 


100 


69 



[0083] csmosa] z ©jR*ys*fl=-ett. mm i 

-6 (MMM) i::;te^Ttt^i*;ft,fc±&Lfc (l) Ufa 
feAafcfflfifiMSlWIB t (Hr) Bmn^OfBB 30 

[0 0 8 4] 8 , 9 (JtKtt) tt, ( 1 ) it 

^e>»fflS*V5tS»«*«PIBt (Hr) *M 0B*M£JLb 

KZtztb, 3 0«FM<o<Rl*i»IB^ttttaseiB*^T It 40 
[0 0 8 5] £P«7 (JfctfeflD Wt*£5c*Mn, 



tm#>xm< iot^s, 

[0 0 8 6] -UB-2 ^ttK-T5 <t N £{*B 

«=B- 1 £*>«tp<D&mWL£&4 p pm£*jb<0?B5^«Sr 

Mil. 2T1iHf^7]<fSg^lppin 
^1 O^PbMS, (1) *a>fc*ffl$*lSMl6£>» 



-10- 



(11) 



19 

X, j^Attf4fp]±ofc^i-, 0186, 8, 9 0J:54K 
^4Wc1-5iK**s*>5. rcOJ: 5/<c4i^tCll s No. 
6 co «t 5 ftMStt 3 0 (OtM(R»Sr1-6 C 2: 

l-x 7KIit(i4ppm^±^f|< > T/uryf^ M> 

[oo8 7] *mwcom 2 comm<ommoi^mv 

tt*5, ^IteoWtll ^^p a p<^L-C, ftffik EE 
[0 0 8 8] C^fttD^ffiOttgttu SMAtf>flSM 
"^^Tyf^ h<7>flBtJW*#8 0%EU:*fc:tti 0%^T 

[0089] bt, ^-reo a^jmaKSfMs 



^10-168515 



20 



[0 0 9 0] ^fiJtv^o^T*!, ft*PB#lrgi5p D D^^O 

<nmm<om& t vm^-m t<Dmx^mv js ut <j 

[0 0 9 1 ] fi^tt^pfett, 
3 o%<OTK*"^*ttr^5. 

[0 0 9 2] HTI^jfc|cI4 x KJ&gfc«:a^S. ± 
M* Labile, #3BW#«Ett^ tt»«fc»*UfcW*t^ 

50 (r^^T, v;Ufyf>f hO®^^^r8 0%^±{C-T5 

[0 0 9 3] i^^-^/U^V-ih^ hOiS^ 1 0 

hO®i^8 0%J^_b^fclll 0%J^TirPS^ 

[0094] a^stt^te^o^rtt, -tois^BH^a 

^^f^ * l^:^:^^® £ ftT I ^5 t <D 15 if±fe-vyux >1h 

[0095] fttc, «ofl:¥A»offilftCIIISi» 
50 ^TiE-<So %ttfi*%i:-r*. 



-11- 



(12) 



mmw-i 0 - 168515 



21 



22 



^«PB*«*<ttB, ±Ktt^»t1--5o 0. 5 0 

0. 15%-0. 5 0%^f .6 o 

[0 0 9 6] Si : S i ttjK»H*fcBlB£F]<!: LTSfeDPi" 

*fc, i. o%*m^ztmi%*tctemiKmt<ntfb* 
s i o^sct o . i5-i. o%^f^o 

[0 0 9 7 ] C r : C r tt«iAtbtt*fn)±*i*:Sifi4:H /0 

±\z®±<o<dt\ c r <gtt<DTf&un o . 3 o % <h -r 

6o 0. 3 0%«TTU *0»iP3»**S^*V\ £ 

0. 3 0%- 2. 0%<^i-5o 
[0 0 9 8] Mn : M n ttj^A*l/|£&:(Rj± £it:5 £ 

?») Ofefifc5c*-C*>6fe«>, TPSttSrO. 3 5%<ti- 

s 0 (au i. 5o%^i5^«ia5ME» 



*PXtt*S*b<ttT-t"SO-C, MnOtttttO. 3 5 
%-l. 5 0%^-T^o 
[0 0 9 9] N i :Ni ttflO* A*Ltfc S: Ir] ± Jgg 

[0100] Mo :Mo fcfc«0#i A;ft,tfe:fc «fc t>H U£ 

a»U 5 0%ifiiTt)*O9*ll|fl±* 

i*> iBPJfc«saPtt = * h*SjS< MoOttl 
141. 5 0%«Td s a*Ut\ 

[0101] S : Stt:«*»tf)Mn i^ltMn S^ffi 
ft^Lt#ftt5^ Mn S t&i&(DM~Wfc7k^C0 h? 
y^-< h bt£Z><DX-m&g.* : &#>X 0 . 0 10%OT 

20 BliMlStStOT'fci, 
[0 10 2] 
[^6] 





c 


SI 


Mn 


NI 


Cr 


MO 


G 


0.30 


0.25 


0.70 


2.00 


o.eo 


0.31 


H 


0.40 


0.21 


0.B0 


3.20 


1.20 


0.25 


I 


0.20 


0.21 


0.60 


0.05 


0.90 


0.02 


J 


0.20 


0.22 


0.65 


O.D0 


1.20 . 


0.30 


K 


0.45 


0.40 


0.60 


1.50 


1.50 


0.00 



[0 10 3] me \C7F-tmj&<DmmG^K%tt1ftb L flfiSrfrofc. 
T N NU2 4 0rt$feffi^y ym<OMl-M4l^t [0104] 



-12- 



(13) 
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(H) 




T 


J 




15 


feu 


< 


G 




35 






H 


M 1 


45 




X 


K 


(JOOHr) 


60 






G 




75 






1 




10 






H 




SO 




0 
*r 

Zi 


K 
H 
G- 


M2 
(BOHr) 


60 
45 
35 


tart 

ftKL 
fct 




H 


M3 


45 


tab 




K 


(50Hr) 


60 






K 


M4 
(30Hr) 


60 


fist 




H 
C 


45 
35 


*SU 



24 



[0 10 5] ftft»J*u S^tt*tt<DfMBtt. m7lZ7F 

-rr-y<D^m\z^^ 2 1 ofioy v^&smeu s» 

[0106] «*tt»«ftttfc<D*fl=-efT ofc. 

Jl&3£:2. 2 5MHz, 5 MH z N 9^:^^ 

USD - 1 5 0^:^ 7 * U^— ft 



[0 10 7] fcfcfci£;h,fc»a\ flt«0»Sft, «3 

[WIM1] 119 3 0° CtlO0»IBRx#^ + 
-y^-^iO#H*-C««Srm\ -toft, JF^fc 

MIM2] If9 3 0° CT*8 0^Rx^+x 
4rf?v\ -t<7)ft, ff^by ^Sr«t9fflU *lt4-C* 
[«1M3] 3 0° Ct5 0^Rx^+a 

>-y 2/*-^o#H*-eSK*rff^\ -^co^x *pd^y 

[MM4] It9 3 0° Ct3.0WRx^ + x 
[0 10 8] ±IEMl^M4 0««*fcttS«»IS«!.31 



XS 2 0-8 6 0° CC3 0»ffl«j$Ufc8, 2&A*l£ 

fTi\ &i^t\ 160-200 0 cx'2mm<omm^ 

20 fTofc 0 

[0 10 9] afcttSM-u S£1^lttffffi<oS$A«:B8*5 
J; 0*13 9 l38(i$^F«5l0 0HrOi:#(0» 

[oiioiH8j:9, i o ommt&mmm&i&rt^ 

-ettWtutt*^u*i^t<oo (#) % l 0%&m7LZ>£ 
mth<D$£3E.fcm#> htL (T, J, 3L, Jr) . 4 5%. 
30 x^-tbte*), 8 0%Sr3B^«i:Wtttt»£feL4</jr 

[0 111] Z<Dtz.ft y -^/i^ >1?--f h<7>B8f*<0re;& 
Sri 0%JWT*fett8 0%«±^ Lfeo ^T^ft 

ps^{cj: 5 1 mfem^mmmmm\^rm^ < . mm 

40 [0112] H9J;^ *jK*7ttt«^^kB#RB^ 5 0 

(<<> ^, =i) xv -*y\z.mtn>*&<§&£. 

Uitab* »««FfB*s*< ttS^ottT. Wti«^*t 
M»*4 5%i3J:rj?6 0%<oy (ih, y) \z— 

50 gtll J:9M»t*>9, *»Wo-7/Ut^ hffi 



-13- 



25 

[0 113] ftCl, **?8C0|B3Offi«C0||SC0Jgffi-T* 

treasons aB3^att^stjcK) srsiw-r-So 

<it)-o^ ^^^ifo/ 0 -c % C : 0, 2 — 0. 
5% x Mn : 0. 5 — 1. 2% Cr : 0. 5 — 2. 0 
%, Ni : 6. 6%j£AT> Mo : 0. 8 — 1. 5%£^ 

^S-fb^co®^(Oit^O. 2£U: N o. 5J^T£ 

[0114] ***^fla*5j:tjp»tt«toB*tt 

C : UT^SftSIS (HRC6 0J^J:) 

toa«:ll6UT*ifiWb«rfT51R, ^tf^o. 2% 

0HS<0»**s«Ti-a. J^^fg^O. 5% 

^0. 2%J^±0. 5%J^Ttt5 0 
[0 1 1 5] C r : C r li*A;h/tt£ft±£it\ gi&Sr 

a«*#A*ift«)S^lj:«:i^iz:o 0 Cr^ttoTRfi 

^*<0±Kffi:* 2 . 0%£i-£ o 
[0 1 1 6] Mn : MnttJ)IWMttlRl±S«t it 

hO£jfi7cSfT**>*K MnOtftliftfiO. 5 %£JLL 
*L<fi:Ti"5^T% Mn^ttlttO. 5 — 1. 2% 



< 14 > WlO- 1 6 8 5 1 5 

[0 117] N i : N i tt«CO^Atttt*fSj±S-fr, g 
ftiBATt^fi^ ») a*»8 t-^r t>f h<D 

. [0118]Mo:Mo tt«0*6A*tttX V«J! L*Wb 

tt^±^W5>^irStl/TU^jM^S^ Fe2iMo2 Ce^ 

• fc-fr&TG* (Jl) 1971^12^60, 1104 
3 — 1 0 8 6) 0 

[0 119] :<OllRft»08S (H v 1 4 0 0-1 8 
00) fi x t^V^^ h(0^$ (Hvl 200-160 

20 o) (0*&JB^#H Bffi Sft<a&«^»«sttiS4 

ftffl#2|5f 1 9 8 5^6^ 2 0 0 II 37) 

ftRififi. fcS^fittAJxMfcft 

%K±0*JPT?«*£/jr£tf* % 5%^^^ 

fO*»*P«:3^ h#B5<fc5G>TN Mo^tt^O, 
8-1. 5%^U\ 
30 [0120] Si :Si teMfflmz.W>Wt3$lk LTflp/fi U 

3^b-T50T% #£L<f*0. l%^U7tl\ *jfc,-«f 

'>t5rt^45o-C, Si^tlliO. 1%-1. 

[0121] S : SIlfflfOMn t^UMn S4h£ 
fei Lt^ati^, Mn S £SJ&<^®i&S7j<iJfO h7 

[ J»toS*#^J:r5Moffl^b»tfc]*^w#*ii, ^ 
i»ftya*#^ x ot*w:i i^s^^^ i: * c t *: jt 

(1) S«*>6^*i«^2^k«i31«, »?ftLfc»^^ 
50 (2) 9tm*>&^tti1Sk6imbMMtiks ^o/c^-y-f 



-14- 



(15) 



27 

(i) <Dm&bi,x, Mo(Dm^ti&&±m\zfa±£it 

*©*£j*K:i»IHI«:JIU Mo1g^bfecoWtHf^>^ 

[0122] «te«*#«*j>-r*is** 

[0 12 3] — (2) Lt, SS*>6^li 

fc * o T ^ 5 fc # , m AttSag tciDJR u 9 -f 

[0 12 4] ««B^»L^^kft^f ^Jh«)Sb* 



M¥l 0-168515 



2(9 



[0 12 5] »«fc4l^f4»«tt{k«(75i|ft|K*7*9>f 
f i^SlJ^TI^fl if^^S L 1 7 ^ 7 h+^-? 

[0126] »#o^«6«:»ffl-r5»*. aaueii^i 

^•oftaitJ: D^/^^-Y hOTRSSftT, Mo«« 
[0 12 7] *Z\X\ 3&*^5«k*Dfa^rffi 

20 [0 12 8] f 8 1:^1^11 1 — 1 ^ 
ttftl^ 6 0X6 mm^^^^l Lfc c ^80il 
tt^iVbfcC. Mn, Cr, Ni, Mo^ff^ 
W<6Hrt^fc5o mmi 1 — 1 6 (OS i *5.fctfS 

(Si^l. 0wt%, S ^ 0 . 0 2wt%) 

[0 12 9] 
[^8] 



















1 C 


Si 


Mn 


Ni 


Cr 


Mo 


ii 


0. 33 


0. 45 


0. 80 


0. 00 


1.48 


0.85 


12 


0. 32 


0.42 


1. 00 


0. 09 


1.50 


0. 99 


13 


€. 33 


0. 22 


0. Bl 


0. 31 


1. 48 


1-01 


14 


0. 35 


0. 44 


1- 15 


0. 50 


0. 99 


0. 98 


15 


0. 33 


0. 22 


0.81 


0.0B 


1. 48 


1.21 


16 


C. 35 


0. 44 


L. 00 


0.OB 


1.20 


1. 42 



[0 1 3 0] Z.tlb<Dmk)i% 9 5 0° C-CSBfBOS^ 
*-ClML«J98L *»*t?»»Ufc. 8 6 0° C 

izwarnvt* «Atni^b*Qasrii6u)t« % ' 1 6 0° cr* 

[0 13 1] #KiUm»*KlftSrm\ SSL 
[0 13 2] JR^aaai^lBigoteBffi^S^tfcWftJtt 

EPMA (WKffflfKEPMA-1 6 0 0) \Z SO 



om o m&^Tjk Lfc^k*fcM o mfiutgo t it way u 

. [0 13 3] M(w N #W»>1rfcov^Ttt«j||SifelcJ:0« 

[0134] r#a»0filKj 

««»»5FaeBrilB SI^± 196 9^5^25 



-15- 
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0) mi 0-2 lHIE«c£>*7* hfl£ttg«W»«4:ffl 
^T«R»a^T«^±ia«Dk^*W»JJPX LTI^^^ 

[0135] 

S JE : 4 9 0 0 M P a 
@CS :3 0 0 0 c. p . m. 

(=*5) :Fe3 C»Wif|:3 0 0 ppm 

S3 : HRC5 2 

: 7 4-1 4 7 /zm 

[0136] aio ks^ n 

[0137] bio ^*3^r. m$ts arnGmvLWA* 

[0 13 8] &3b\ Xi0lff^^ x -^vi^Vf-^ h<D 
iB«IW2 0%aT-eit*i-6Mo1iiKft«tt, M23C 
6 T-£>5w££:ffitf&Lfc 0 IS 1 1 l~£m 1 0 lw*5^Tj»#!f 



4*Bfl¥ 10-168515 
[0 1 3 9] Bll twJS^Ts Mo*fit-fb»tt*l0. 2 

o. s&mz-Zkmtisnm&ni&sk&t&fQ-rz&s 

[0 14 0] JWJiO«*J: 9 , JR«3ffi*«fei UTtt, § 

®^Mo1ftKffc4&©fRJfcSr0. 2~0. 5<D|51i:t 
[0 14 1] t!«a««r^)*#T-*>S^ x (SAiRft 

[0142] ttffl«#t«ritur. -^/^^-r h 

Of£fg] ^9 (:^U/clM(Dli2 1 — 3 8^:^i:-r-5 
0 6OX6mmRfiftK*W:o^t % ^^«J:5^» 
IT1-T5«Uc c ICT% f 90«l2 1-2 9 
ttl^-fixtC, Mn, Cr, Ni, Mo(D^t^« 
IEgafflJ*)l£fc9. 30 — 38fiC, Mn, Cr, Ni, 

12 1-2 9Z)S i JSitJfSWitt, ±a*LfcjRlO 

ffi*^Hifi(Ojgi»^»ig|isH (Si^i. owt%, s 

^0. 0 2wt%) S:«SSii:5tti:*oTV^„ 
[0143] 
[^9] 
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(17) 4#Bfl¥l 0-168515 

31 32 





mm 


















C 


Si 


Mn 


Ni 


Cr 


Mo 




21 


0. 32 


0. 42 


1.00 


0. 08 


1.48 


0. 85 




22 


0. 32 


0. 22 


0.B1 


0. 09 


1. 51 ' 


0. 97 




23 


0. 34 


0.40 


1.00 


0. 12 


1.51 


I. 00 




24 


0. 32 


0.22 


0.81 


. 0.08 


1. 51 


1.40 




25 


0. 25 


0.45 


o: BO 


0. 50 


1, 40 


C.99 


w 


26 


0. 32 


0.22 


0.62 


0. 09 


1.51 


0. 97 




27 


0.35 


0. 35 


1. 10 


0. L2 


1.38 


1.20 




28 


0. 38 


0.41 


0. 80 


0. 07 


1.88 


0. 90 




29 


0. 32 


0.42 


0. 79 


0. 08 


0, 60 


1.00 




.30 


0. 32 


0.50 


0.70 


0. 10 


0. 40 


1. 00 




3 1 


0. 40 


0. 32 


1.00 


0. 09 


3. 98 


1.00 




32 


0. 42 


0. 45 


t. 10 


0. LO 


1.51 


0.50 




3 3 


v, CD 


0. 42 


1. 20 


0. 08 


1. 48 


L. 70 




34 


0. 32 


0-40 . 


0. 30 


0. 31 


1.20 


0. 90 


m 


35 


0. 25 


0. 22- 


1. 40 


0. 33 


1.51 


0.98 




36 


0.32 


0.44 


0.73 


0. 70 


1.00 


1. 00 




37 


0. 11 


0.71 


0. 69 


0. 15 


1.51 


1. 12 




38 


0.65 


0. 22 


0. 72 


0. 12 


I. 22 


0. 95 



[0 14 4] [ttlTl] 9 3 0-9 5 0° CT#36 
«L Ai m^T^6 5 0° CXmmtf^mZft 

i>\ i smmm^&tt^ ^^T'^t. & 

l^T\ 8 3 0-8 6 0° CT'3 0M^Lfct, j&A 
tl (mtf&M) £r*Tl/\ &l^T\ 16 0 — 2 0 0° CT' 

[»ST2] 9 3 0 — 9 5 0° CTl^WRx^ 

mmm±<DtL}sbmm^m^x3 0-5 0° 0/ 

H r <Dtfi$$mmz.fflm) U &l^T\ 8 3 0 — 8 6 0° 
&^T\ 1 6 0-2 0 0° CT2B^r B ^j^ML^fto 

[WT3] 9 3 0-9 5 0° Ctl^^Rx^ 
j&ftU &^T\ 8 3 0 — 8 6 0° Cf3 0^F«L 

mxti imitmm) tm\ &i^t\ 16 0-2 

0 0° CX*2mm<DffiMlsZ:ft<>ti e 
[»1T4] 9 3 0-9 5 0° CT^6fflR x ^ 



-f^>-y *y^tf*<D&m$xxmm*ft^fz&, ma*-? 

mm<D*r$m&&m&2\Eift<oti <) 8 3 0-8 

6 0° cf3 05>r^t7cf, iAn (mt&m) * 
frv\ &i^t\ 160 — 200 0 cx2mmco^m\^^ 

»IT5] 9 3 0 — 9 5 0° CX'i^^Rx^ 
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